The hyperimmunoglobulinemia D and periodic fever syndrome (HIDS; MIM [Mendelian inheritance in man] 260920; http://www.hids.net) was originally described by van der Meer et al. in 1984 (31) and was later more extensively described by Hiemstra et al. (16) and Drenth et al. (9) . Clinical features of this autosomal recessive disorder consist of recurrent attacks of fever, which is frequently preceded by chills and accompanied by headaches, bilateral cervical lymphadenopathy, and sometimes also by abdominal pain and diarrhea. In addition, articular and skin manifestations are a prominent feature of the febrile attacks (1, 8-10, 20, 25) . In most patients febrile attacks start in early life, and in some patients they start immediately after birth. The diagnosis of HIDS is based on clinical criteria and elevated serum immunoglobulin D (IgD) levels (Ͼ100 IU/ml).
HIDS is caused by a defect in the isoprenoid pathway. We, and others, detected mutations in the gene encoding mevalonate kinase (MVK), which is involved in cholesterol synthesis (7, 17, 30) . How defects in MVK eventually lead to the clinical picture and to high levels of IgD is far from clear. Presumably, intermediary metabolites of the isoprenoid pathway (or a shortage of certain metabolites) influence the immune system in such a way that high levels of IgD are produced.
A minority of patients suffers from a variant form of HIDS. Clinically and by the IgD levels they are classified as HIDS patients, but no MVK mutations can be detected (J. P. H. Drenth, personal communication).
Although high serum IgD concentrations constitute a unique hallmark of this syndrome, the precise role of IgD in the pathogenesis, if any, has not yet been defined. Despite extensive study a specific role for serum IgD also has not been discovered yet (32) . The level of serum IgD in HIDS does not correlate with disease severity or frequency of attacks, and attacks of HIDS antedate the rise of serum IgD levels above age-dependent reference values and/or 100 IU/ml (14, 15) . On the other hand, IgD stimulates peripheral blood mononuclear cells to produce inflammatory cytokines (11) , which does suggest a possible role in the pathogenesis of attacks.
The alterations of the immunoglobulin pattern in HIDS are not exclusively limited to IgD. In some HIDS patients we found elevated IgG and IgM values, but high IgA levels are found in the large majority of patients. In a series of 50 patients, IgA levels were found to be elevated beyond reference values in 83% of HIDS patients (9) .
Human serum IgA consists of two subclasses, IgA1 and IgA2, which differ in their carbohydrate composition, sensitivity to bacterial proteases, and distribution between mucosal and nonmucosal compartments. Some 75 to 90% of the IgA in serum is composed of the IgA1 subclass (3, (22) (23) (24) . Both subclasses can be present in mono-or polymeric form. Mucosal IgA is predominantly polymeric, while serum IgA consists of approximately 90% monomers (3, (22) (23) (24) . Subclass distribution and the molecular size of IgA might shed insight into the immune response in HIDS. To this end we investigated the composition of IgA subclasses in a cohort of 18 HIDS patients, and we also present data on the molecular form (monomers and polymers) of IgA in 4 HIDS patients.
MATERIALS AND METHODS
Patients and sera. The patient group presented in Table 1 consists of a part of the group described earlier by Drenth et al. (9) . All the patients included here were from the Nijmegen, The Netherlands, HIDS registry, and the same patient numbering as used in the previous study (9) was applied to the present study. In total, 18 HIDS patients were included (10 male and 8 female), and the age (mean Ϯ standard deviation) at the time of the study was 29.2 Ϯ 11.3 years. Two patients donated sera on two separate occasions, while a third patient's sera were obtained on three separate occasions and a fourth patient's sera were obtained on four separate occasions.
For the study on the molecular form of the IgA, sera of four children and young adults suffering from HIDS were used. Patient 27 was a 23-year-old male, patient 30 was a 4-year-old male, patient 31 was a 13-year-old male, and patient 66 was a 4-year-old female. Reference values on the molecular form of IgA were obtained from a separate study using healthy Icelandic children (C. M. R. Weemaes, I. S. Klasen, J. H. C. Göertz, S. Jonasdottic, M. Belthuis-Valkis, and A. Haraldsson, unpublished data). Sera were stored for at least 2 years at Ϫ20°C before IgA subclass values or IgA polymer levels were determined.
IgD ELISA. The procedure for the enzyme-linked immunosorbent assay (ELISA) for measurement of IgD has been published earlier (11) . Briefly, microtiter plates (Nunc, Roskilde, Denmark) were coated with rabbit anti-human IgD (Dako, Copenhagen, Denmark). Serum samples or standard serum dilutions were added in two different dilutions. After overnight incubation, mouse monoclonal anti-human IgD recognizing the Fc part of the IgD molecule was added (Dako), followed by horseradish peroxidase-labeled rabbit anti-mouse immunoglobulins (Dako). The color that developed after substrate incubation (orthophenylenediamine; Sigma, St. Louis, Mo.) was read at 492 nm using a Titertek Multiskan ELISA reader (Eflab, Oy; Helsinki, Finland). As standard serum, OTRD 02/03 (Behring, Marburg, Germany) calibrated against British research standard 67/37 was used. This standard serum contains IgD Fc fragments. In this ELISA only Fc regions are measured, and standardization is also performed on Fc regions. Presumably, there is no influence of the notorious splitting (12, 27) of IgD molecules with our ELISA. Even after storage at room temperature for 24 h, the same values were obtained. The lower limit of detection of this ELISA was 1 IU/ml (1.4 mg/liter). The interassay coefficient of variation (CV) was calculated to be 10%.
ELISA for IgA subclasses. In the IgA ELISA, which was essentially comparable to the IgD ELISA, we made use of mouse monoclonal anti-IgA1 (69-11.4) or anti-IgA2 (16-512-H5) (29) (Nordic, Tilburg, The Netherlands). After incubation of serum samples (in three different dilutions in duplicate) or standard serum dilutions, detection of IgA was performed by horseradish peroxidaselabeled goat anti-human IgA (Cappel, Organon Teknika, Turnhout, Belgium). As the standard serum, KIK-21 was used. This is a pool of normal human serum that was a kind gift of J. Radl (Department of Immunology and Infectious Diseases, Netherlands Organization for Applied Scientific Research [TNO], Leiden, The Netherlands). The serum pool was repeatedly tested by various techniques, always with the result of 2 g of IgA1 and 0.2 g of IgA2 per liter. A secondary standard calibrated against this standard was produced and was used in the study presented here. The lower limits of detection of IgA1 and IgA2 were 5 and 2.25 mg/liter, respectively. The interassay CVs were 5 and 6.5% for IgA1 and IgA2, respectively.
IgA ELISA. The ELISA used to determine the total IgA concentration was essentially the same as that the ELISA used for IgA subclasses. Coating was performed with goat anti-human IgA (Cappel). Detection of IgA was performed as described for IgA subclasses. As standard serum, normal human serum was used that was calibrated against the international World Health Organization standard 67/86. The lower limit of detection was 0.1 mg/p liter. The interassay CV was 4.5%.
Gel filtration. Sera were separated by gel filtration (fast protein liquid chromatography system; Pharmacia Biotech, Roosendaal, The Netherlands) using a 10/30 Superose 6 column (28) which was calibrated in a 0.05 M phosphatebuffered saline (PBS) buffer containing 0.005% sodium azide, pH 7.4, with a mixture of purified human secretory IgA and IgG (Nordic). Sera were diluted with PBS, and a maximum of 15 g of IgA was applied to the column. Gel filtration was performed at room temperature at a flow rate of 0.2 ml/min. Fraction volumes of 500 l were collected in polystyrene cups containing 50 l of 0.05% Tween 20 in PBS. The fractions were then, within 1 h after elution, analyzed by ELISA as described above. The standard serum used in this assay was the same as that used in the IgA and IgA subclass ELISAs and itself contained 13% IgA polymers as determined by this gel filtration method. Secretory IgA was found in fraction 11 and IgG was found in fraction 17 (IgG determined by an ELISA, comparable to the IgA ELISA described above). The mean recovery of IgA was 108% Ϯ 8.4% (26 separations).
Statistics. Correlation coefficients between IgD and IgA or IgA1 concentrations were determined by Pearson's linear regression analysis. IgA polymer levels were compared by the Student t test.
RESULTS
Measurement of IgD in sera of HIDS patients. In our series of HIDS patients we detected very high IgD concentrations, of up to 2,500 IU/ml. However, in two patients we detected IgD values below 100 IU/ml. In patient 51, the IgD concentrations were 310 and 219 IU/ml on earlier occasions. After her first Measurement of IgA and IgA subclasses. The distribution of IgA1 and IgA2 subclasses in serum of HIDS patients and their concentrations were determined by ELISA. In all but three patients, IgA concentrations were grossly elevated to beyond 4 g/liter, as can be seen in Table 1 . Total IgA in HIDS is mainly composed of IgA1. A statistically significant correlation between IgA and IgD was found (r ϭ 0.793), as was also the case between total IgA1 and IgD (r ϭ 0.786) (P Ͻ 0.0001).
Size analysis of IgA in HIDS. In four HIDS patients (with confirmed MVK mutations) we determined the molecular form (monomers and polymers) of IgA. IgA was measured by ELISA in each fraction after gel filtration. The elution profile on Sepharose for patient 31 (total IgA concentration of 5.6 g/liter) is presented in Fig. 1 . Fractions 6 to 13 were considered to contain the IgA polymers. IgA monomers were present in fractions 14 to 19. A summary of IgA polymer percentages in four HIDS patients as determined by the IgA contents in fractions 6 to 13 compared to the total IgA recovered from the column is presented in Table 2 , and the polymer levels in healthy children aged 0 to 6 months and 2 to 9 years are presented in Table 3 .
DISCUSSION
HIDS is one of the rare disorders associated with elevated IgD levels. Indeed, immunoglobulin studies on HIDS have mainly focused on IgD. Little attention has been paid to the concomitant high levels of IgA found in HIDS, which is surprising given the fact that many HIDS patients have very high IgA levels (9) . IgA and IgD do not fluctuate in parallel, which might suggest a different way of stimulation or different kinetics. Absolute IgA and IgD levels in the present study did correlate significantly. Levan-Petit et al. found that IgD production by human B cells is dependent on Th2 cytokines (19) . Th2 cytokines, such as transforming growth factor ␤ and interleukin-5, are also involved in IgA production, which might explain the concomitant elevation of IgD and IgA levels in HIDS.
IgA is composed of two subclasses, IgA1 and IgA2, and both subclasses can be present in serum as monomers or as polymers. Normally about 90% of serum IgA consists of IgA1 (3, (22) (23) (24) . In the study presented here, we found very high IgA1 concentrations, compared to normal IgA2 concentrations. This suggests that the high serum IgA levels in HIDS mainly originate from bone marrow. We cannot entirely exclude the mucosa as a source of IgA1, as certain protein antigens primarily elicit an IgA1 response from the human mucosa. For example, gluten exposure in patients suffering from dermatitis herpetiformis induces significantly increased IgA1 concentrations (13) .
Relatively high levels of IgA polymers were found in the four HIDS patients studied, as reported in Table 2 . Normally about 12% of serum IgA has been reported to consist of polymers (6, 26) . In our hands, pooled serum of 500 adult healthy donors contained 13% polymers. For young children the IgA dimer levels were reported to be relatively high (5) . In another study, using the same gel filtration technique, it was found that polymeric IgA levels were about 33% in children aged 0 to 6 months, and they decreased to a mean level of 13.4% in chil-FIG. 1. Percentages of (totally recovered) IgA in the fractions after gel filtration on Superose 6. Secretory IgA (used as a calibrator) was found in fraction 11, and IgG was found in fraction 17. dren aged 2 to 9 years, a level that can be considered an adult level (Weemaes et al., unpublished). Although only small numbers were compared, the polymer levels of the four HIDS patients were significantly higher than the levels for the age group of 2 to 9 years (P Ͻ 0.0001).
The main site of production of polymers and their biological function are still unclear. IgA polymers specific for several microbial antigens have been reported to predominate in sera shortly after systemic immunization or infection (2, 18, 21) .
Taken together, our results provide evidence that elevated IgA levels constitute a feature of HIDS, which indicates a continuous stimulation of the IgA system. Our results seem to be in favor of a systemic stimulation of the immune system because of the following points. (i) Hyper-IgA in HIDS represents hyper-IgA1, suggesting bone marrow as the main production site of IgA. (ii) Hyper-IgA in HIDS contains a relatively high polymer IgA level, which can also be explained as a consequence of a continuous systemic stimulation (2, 18, 21) . (iii) Hyper-IgD is a hallmark of HIDS. It is generally accepted that IgD is assembled in bone marrow. The significant correlation between IgA or IgA1 and IgD suggests a collective stimulatory site.
However, in the literature the relationship between serum IgA and mucosally produced IgA is still under debate, and there are no unambiguous rules as to where production of IgA subclasses or mono-or dimeric forms of IgA takes place. The specificity of the stimulating antigen also influences the outcome of the immune response with respect to IgA subclass concentration and appearance of molecular form. Therefore, our further studies will focus on the synthetic and catabolic rates of IgA and on the local stimulation of the immune system.
